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Biochemical Adaptations in Cardiac Muscle:
Effect of Exercise Training on Myosin ATPase Activity*

ASHOK K. BHAN, Ph.D., AND JAMES SCHEUER, M.D.
Division of Cardiology, Department of Medicine

Montefiore Hospital and Medical Center of the Albert Einstein College of Medicine
Bronx, N. Y.

Earlier reports from this laboratory have
demonstrated that hearts of rats trained by
prolonged swimming have improved me-
chanical performance under aerobic and
hypoxic conditions. There was also dis-
covered a direct relation between the total
number of hours in the training program
and cardiac actomyosin ATPase activity.
The rate of superprecipitation of cardiac
actomyosin. was also significantly increased
by training.
To investigate further the increased

ATPase activity, myosin was purified from
the hearts of rats made to swim 90 min-
utes and 2 X 75 minutes daily for 8 weeks.
Ca-+ ATPase activity was found to be in-
creased in both the groups, the maximum
increase being observed in the group made
to swim 2 X 75 minutes daily. The Km for
ATP, the Ca-+ requirement, pH profile,
and total sulfhydryl content all were simi-
lar in myosin from trained and control
hearts. Myosin from each group had two
light subunits with the same mobility on
disc-gel electrophoresis. Myosin ATPase

*This paper was selected by the Committee on the
Scientific Session on Research of the New York
Heart Association to rece've the Association's
fourth annual T. Murray Steele Award, established
in honor of the late J. Murray Steele. M.D., a
director of the New York Heart Association, 1951.
1964, for the best presentation before the Scientific
Session on Research.

from control but not from conditioned
hearts was activated by increasing con-
centrations of KCI and ethylene glycol.
Ten mM lodoacetamide activated the
ATPase from both the preparations, but
the activation was greatest in the control
myosin. There was a similar differential
response to other sulfhydryl binding agents.
We next studied the fluorescence , of

heavy meromyosin (HMM), using 8-ani-
lino naphthalene sulfonic acid (ANS) as a
fluorescent probe. HMM from conditioned
animals developed a 30% greater fluor-
escence with ANS as compared to HMM
from control preparations. This difference
was diminished when ATP was present
(ATP binds to active site), and was abol-
ished in the presence of ethylene glycol and
urea (partial denaturation), or when
EDTA was added (modifier of ATPase
activity).
These studies support the assumption

that physical training is associated with a
confortnational change at or near the active
site of cardiac myosin. This change ap-
pears to involve the availability of sulf-
hydryl compounds. (This work was sup-
ported by grants from the American Heart
Association, New York, N.Y., and the
National Heart and Lung Institute, Beth-
esda, Md.)
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Mechanismis of Glucocorticoid Protection in Shock and Low-Flow States

BURTON M. ALTURA, Ph.D., BELLA T. ALTURA, Ph.D.,
AND S. G. HERSHEY M.D.

Departments of Anesthesiology and Physiology
Albert Einstein College of Medicine

Bronx, N. Y.

Various glucocorticoids, when adminis-
tered in pharmacologic doses to animals
and patients, are beneficial in the treatment
of various experimental and clinical low-
flow states. Several different mechanisms
have been suggested to account for this
protection in shock. However, at present,
there is no agreement as tb the precise
mechanism (s) of such protection. The
present study was undertaken to determine
what role, if any, the microcirculation and
vascular smooth muscle cells may play in
such corticosteroid protection. Studies were
designed to determine whether therapeu-
tically effective (T.E.) doses of hydro-
cortisone sodium succinate (HC) and
methylprednisolone sodium succinate (MP)
alter precapillary arteriolar vessel dia-
meters in the intact microcirculation and/
or arteriolar reactivity to catecholamines
(E, NE) and vasopressin (Vp) in the
microcirculation. Both normal rat mesen-
teries as well as mesenteries of animals
subjected to hemorrhagic and intestinal
ischemia shock were examined in vivo with
a high magnification (up to 4,000X) image-
splitting TV-microscope recording system.
(This system can resolve, accurately and
rapidly, 0.02 of a micron change in micro-
vessel lumen and/or wall size.) In addition,
both HC and MP were examined in vitro

for their pharmacodynamic action on iso-
lated rat aortic strips. The results indicate
that although T.E. doses of HC (up to
300 mg./kg.) and MP (up to 60 mg./kg.)
fail to alter microvascular lumen diameters
of normal rat arterioles, both steroids ef-
fectively restore the severely constricted
arterioles of shocked rats (>60%o decrease
in lumen) to 90%-95%7 of normal during
as well as after steroid infusion. Both ste-
roids were also found to dose-dependently
inhibit E-, NE-, and VP-induced contrac-
tions as well as displace the log dose-re-
sponse curves (DRC) to the right on in
vivo arterioles as well as in vitro on
arteries. In addition, both steroids reduce
the magnitudes of calcium-induced con-
tractions of depolarized rat aortic strips
and cause a displacement of these DRC
to the right. These data thus suggest that
glucocorticoids may confer protection in
shock and low-flow states by preventing the
intense peripheral vasoconstrictor action
of the many constrictor substances released
in shock. This would result in: 1) an ap-
parent but not real vasodilator action, and
2) a restoration of normal microcircula-
tory vasomotor hemodynamics. (Supported
by N.I.H. Research Grants HL-12462 and
HL-11391 and U.S.P.H.S. Career Develop-
ment Award 5-KS-GM-38, 603 to B.M.A.).

Bull. N. Y. Acad. Med.
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A Model Program for the Control of Hypertension

M. H. ALDERMAN, M.D., and K. YANO, M.D.
Department of Public Health

Cornell University Medical College
New York, N. Y.

Hypertension affects 22 million Ameri-
cans and contributes significantly to their
mortality through cerebrovascular, cardio-
vascular, and renal complications. Effec-
tive means to lower blood pressure and
prevent its lethal sequelae are available,
but this therapy at present is not reaching
80%o of hypertensive patients. This report
describes a model applicable to community
control of hypertension.
An experimental Hypertension Control

Clinic has been established at the New
York Hospital. There nurses guided by a

specific protocol are primary providers of
care. The experiment's goal is to determine
the safety and efficacy of a simplified ap-

proach to the treatment of uncomplicated,
asymptomatic hypertension.
Asymptomatic patients aged 25 to 55 are

enrolled if they have not previously been
treated and have blood pressures in excess

of 160/95 recorded repeatedly. An initial
physical examination is performed by a

physician and nurse. All follow-up care is
performed by the same nurse. Particular
emphasis is placed on the education of

patients, streamlining the clinic visit, and
frequent attendance early in treatment.
Experience with this hypertension con-

trol model, begun November 1, 1972, re-

veals that only 23 of the 37 patients re-

ferred had blood pressure levels meeting
the acceptance criteria. Of 113 appoint-
ments scheduled, 101 were kept, 7 excused,
and 5 were broken. One patient has left the
program. To date, 70%o of the patients
have had a greater than 10% decline in
systolic pressure and 25% have experienced
a greater than 20% change. The diastolic
pressure of one half the patients declined
more than 10%o. There have been no seri-
ous side effects of therapy.

This experimental treatment, measured
by clinic attendance and blood pressure re-

duction, has proved satisfactory in 90%o
of the patients. To establish the full po-

tential of this successful hospital-based
pilot program, it must be evaluated in an

outreach setting. (This research project has
been supported by a grant from the Esther
and Joseph Klingenstein Fund, New York,
N. Y.)
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Synthesis and Axonal Transport of Glycoproteins after Intrasomatic
Injection of 3H-L-Fucose Into an Identified Neuron in the Isolated

Nervous System of Aplysia

RICHARD T. AMBRON, Ph.D., JAMES E. GOLDMAN, M.D., H. KOIKE, M.D.,
AND JAMES H. SCHWARTZ, M.D., Ph.D.

Department of Microbiology
New York University School of Medicine

New York, N. Y.

The marine mollusc Aplysia californica
is a useful organism for studying basic
molecular processes underlying neuronal
function. The simple nervous system of
Aplysia has several advantages over more
complex ones; the neurons are large, they
are reproducibly found from animal to ani-
mal, and single neurons can be studied by
direct biochemical, morphological, and elec-
trophysiological methods. We have used fu-
cose to study the synthesis of membrane-
associated glycoproteins and their subse-
quent transport along the axon of a single,
identified neuron in the abdominal gang-
lion. When 3H-L-fucose was injected by
pressure directly into the cell body of the
neuron, autoradiography revealed label only
within the soma and processes of the cell.
In contrast, when abdominal ganglia were
incubated in 3H-L-fucose, label appeared
primarily over connective tissue and glia.
At 4 and at 10 hours after injection, 64o

of the radioactivity in the cell body and
85% in the axon was macromolecular. An-
alysis of particulate glycoproteins by gel
filtration followed by gel electrophoresis in
SDS showed 6 major bands. Transported
glycoproteins were similar to those remain-
ing in the cell body, but one somatic protein
did not seem to migrate. After 4 hours 22.o%,
and after 10 hours 56O of the newly syn-
thesized glycoproteins had moved into the
major axon of the cell. Kinetics of trans-
port were studied by cutting the axon into
millimeter sections at various times after in-
jection. Glycoproteins appeared to move,
not as a single wave front, but rather as
several distinct waves, the most rapid at a
rate between 30 and 40 mm./day. This work
is the basis for present and future studies
on the formation of neuronal membranes
and the axonal transport of membranous
structures. (Supported by the New York
Heart Assoc., NIH, and NSF.)

Bull. N. Y. Acad. Med.
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Analysis of the Inotropic Effect of Carbarnyicholine in the Electrically
Buffered Ventricle Strip in Frogs

THOMAS W. ANDERSON, Ph.D.,* AND F. KAVALER, M.D.
Department of Physiology

State University of New York Downstate Medical Center
Brooklyn, N. Y.

Contraction of frog ventricular muscle,
like that of most atrial tissues, is pro-
foundly depressed by cholinergic drugs. As
in atrial tissue, this is associated with a
marked shortening of the action-potential
duration. To ascertain what mechanisms of
electromechanical coupling might be in-
volved, the time courses of transmembrane
potential and of contractile force were re-
corded, by conventional means, from a
frog-ventricle strip. To determine whether
the negative inotropic effect is due entirely
to the observed changes in transmembrane-
voltage-time course or whether there exist
additional components of the drug's effects
which are not the result of these changes,
an "electrically buffered" preparation was
used. This was a thin (0.5 mm. diam. X
4 mm. long) strip of frog ventricle, drawn
through a hole in a rubber membrane. Less
than 0.2 mm. of tissue extended forward
from the membrane, and this was attached
by a snare to a force transducer. The rub-
ber membrane held the muscle securely, so
that force was recorded only from the for-
ward (short) segment. When carbamylcho-
line (CCh) was applied only to the for-

*New York Heart Association Fellow.

ward segment, the action-potential-time
course was virtually unaltered, since the
cable properties of cardiac muscle con-
strained the electrical behavior of the short
segment to that of the more significant
amount of tissue behind the rubber par-
tition.

Application of 5 X 10-7 M CCh to both
segments (i.e., to the entire muscle) re-
duced force of contraction, and its maximal
rate of rise, by 40%o. This was accompanied
by a marked decrease in action-potential
duration (750 to 300 msec.) with only min-
imal changes (<3%) in the early time
course of the plateau. Application of CCh
to only the short segment reduced force
of contraction by 10-20%o and rate of rise
of tension by 15-25%. Only minimal changes
in action potential duration (<6%o ) oc-
curred.
Thus CCh appears to alter force of con-

traction by at least two mechanisms: one
which is mediated through a reduction in
the time-course of the action potential and,
consequently, of time-to-peak tension; a
second mechanism which is independent of
membrane voltage but reduces rate of rise
of tension. (Supported by a Grant from
the New York Heart Association.)
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Effects of Ouabain on the Pacemaker Current
in Cardiac Purkinje Fibers of Sheep

RONALD S. ARONSON, M.D., AND JEREMIAH, M. GELLES, M.D.

Department of Pharmacology
Columbia University College of Physicians and Surgeons

New York, N. Y.

The therapeutic, positive inotropic effect
of cardiac glycosides is complicated by
their tendency to cause undesirable electri-
cal activity. To study the mechanism
whereby ouabain produces an increase in
spontaneous electrical activity we deter-
mined the effect of this glycoside on the
magnitude and kinetic properties of the
slow time-dependent outward current (IK2)
considered to underlie spontaneous diastolic
depolarization. A two-microelectrode, volt-
age-clamp technique was used.
Sheep Purkinje fibers were separated

into short (1.6 mm.) segments by a method
described elsewhere (J. Appl. Physiol. 34:
527-30, 1973). Preparations were superfused
with oxygenated Tyrode solution ( [K]0 =2.7
mM.; [Ca]O =2.7 mM.) at 360 C. A. hold-
ing potential of -80 mv was imposed on
the fiber. Hyperpolarizing voltage steps of
10 sec. duration were imposed on the mem-
brane in 5 mV increments. The change in

IK2 corresponding to each voltage step was

recorded under control conditions and after
exposure to ouabain, 2 X 10-7 M.
After exposure to ouabain for less than

60 minutes the magnitude of IK2 decreased
at all potentials. This decrease was greater
after exposure for more than 60 minutes.
The time constants of deactivation of the
residual IK2 measured after 60 minutes
tended to increase. The steady-state inward
current increased after exposure for less
than 60 minutes but decreased after more
than 60 minutes. The voltage range in

which Ia2 is activated did not shift. The
reversal potential tended to shift toward
less negative values after 60 minutes. Par-
tial reversal of these effects occurred
within 60-90 minutes after removal of oua-
bain.
The decrease in magnitude of Ia2 in the

presence of ouabain for less than 60 min-
utes resulted in an increase in inward cur-
rent in the potential range in which spon-
taneous diastolic depolarization usually oc-
curs and could account for the increased
slope of spontaneous diastolic depolariza-
tion characteristic of the early stages of
ouabain toxicity. The subsequent decrease
in magnitude of inward current may be the
result of accumulation of sodium in the fi-
ber due to inhibition of the Na pump by
ouabain. This could result in a decrease in
the driving force acting on sodium at dias-
tolic potentials. This effect could explain
the loss of transmembrane resting poten-
tial characteristic of the latter stages of
ouabain toxicity. An implication of these
results is that some of the automatic
rhythms seen in advanced stages of glyco-
side toxicity result from automatic foci lo-
cated above the Purkinje system or that an
ionic mechanism separate from that de-
scribed for normal Purkinje fibers is able
to cause spontaneous electrical activity in
these fibers at depolarized levels of trans-
membrane potentials. (Supported by NIH
Grant HL-12738.)

Bull. N. Y. Acad. Med.
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Hypersensitivity Reactions of the Heart Induced by Penicillin
and Inhibition by Two Classes of Antihistamines

NORINE CAPURRO, Ph.D., AND ROBERTO LEVI, M.D.
Department of Pharmacology

Cornell University Medical College
New York, N. Y.

Clinical manifestations of acute hyper-
sensitivity reactions include respiratory dis-
tress and cardiovascular collapse. Cardio-
vascular collapse need not be secondary to
the asphyxiating effects of bronchospasm
and laryngeal edema but might be directly
related to primary cardiac events (e.g., ven-
tricular arrhythmia or acute myocardial in-
farction). In vitro cardiac anaphylaxis sup-
ports this hypothesis (Feigen, G. A. and
Prager, D. J.: Amer. J. Cardiol. 24:474,
1969; Levi, R.: J. Pharmacol. Exp. Ther.
182:227, 1972). Since penicillin is the most
frequent cause of allergic reactions in man,
we set up a model of cardiac anaphylaxis
to penicillin. Guinea pigs were sensitized
with benzylpenicilloyl-protein conjugates
and their hearts were challenged in vitro.
This resulted in an acute crisis of cardiac
function which consisted of sinus tachycar-
dia, atrioventricular conduction block, ven-
tricular contractile failure, drop in coronary
flow, and histamine release.

Since histamine is the major mediator of
cardiac anaphylaxis, antihistamines were
used specifically to antagonize this crisis.
Both classes of antihistamines (anti-Hi and

anti-H2) were used, either alone or in com-
bination. The release of histamine was not
affected by either class of antihistamine.
Chlorpheniramine (anti-H1) at a concentra-
tion of 10-6M reduced the frequency and
duration of conduction arrhythmias but not
the sinus tachycardia; the coronary flow
was improved. Burimamide (the newly de-
veloped anti-H2) at a concentration of 2.7
X 10-4M antagonized the sinus tachycar-
dia, but not the impairment of atrioven-
tricular conduction or the decrease in coro-
nary flow. Chlorpheniramine and burima-
mide in combination inhibited the sinus
tachycardia, the impairment of atrioven-
tricular conduction, and the decrease in
coronary flow. These findings suggest that
both classes of antihistamines (anti-H1 and
anti-H2) are needed to antagonize the vari-
ous effects of anaphylaxis of the heart.
This model should prove useful for the

further testing of pharmacologic agents
beneficial in hypersensitivity reactions to
drugs. (Supported by a grant-in-aid from
the New York Heart Association and in
part by NIGMS GM 00099.)
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Effects of Alpha-Adrenergic Blockade on Excretion of Sodium and
Water in Normal and Caval Dogs

SHYAN-YIH CHOU, M.D., PAUL H. LIEBMAN, M.D.*,
RoY J. CACCIAGUIDA, M.D., AND JEROME G. PORUSH, M.D.

Division of Nephrology, Department of Medicine
The Brookdale Hospital Medical Center

Brooklyn, N. Y.

It has been suggested that the sympa-
thetic nervous system plays a role in the
sodium retention of dogs with chronic tho-
racic inferior vena cava constriction and
ascites (caval dogs). In the present exper-
iments the alpha-adrenergic blocking agent
phenoxybenzamine (PBA) was adminis-
tered intravenously (10 /g./kg./min.) to 6
normal and 6 caval dogs during a steady-
state water diuresis under anesthesia. In
normal dogs a natriuresis was generally
noted at 60 minutes after start of the PBA
infusion and reached a peak plateau at 80
to 120 minutes. Sodium excretion (UwaV)
increased from 264.7 ± 56.0 (SEM) to
369.7 + 65.2 gEq./min. (p<0.01), and so-
dium clearance (CNa) increased from 2.47
+ 0.22 to 3.58 ± 0.47 ml./min./100 ml.
GFR (p<0.01). In caval dogs sodium ex-
cretion did not change. UNaV was 33.5 +

8.3 /Eq./min. and CNa was 0.44 + 0.11
ml./min. in the control state (both values
are significantly lower than in normal dogs,
p<O.001) and remained stable at 31.5 +

6.8 /AEq./min. and 0.41 ± 0.01 ml./min.,

*New York Heart Association Fellow.

respectively, during the period correspond-
ing to the peak natriuresis noted in normal
dogs. In both groups urine volume, frac-
tional free water clearance (CH2o/GFR),
and distal sodium loaod (CH2O + CNa/
GFR) did not change significantly. How-
ever, in normal dogs distal tubular sodium
reabsorption (CH2o/CH20 + CNa X 100)
decreased from 73.3 + 2.8% to 63.0 +

4.0% (p<0.05), with no change noted in
caval dogs. In both groups blood pressure,
GFR, effective renal plasma flow (CPAH),
and filtration fraction were essentially un-
changed during PBA administration. These
data demonstrate a natriuretic effect of
alpha-adrenergic blockade in normal dogs
with the major site of action in the ascend-
ing limb of Henle's loop. The absence of
a natriuretic response to PBA in caval
dogs suggests that increased alpha-adren-
ergic activity does not play a role in the
sodium retention of these animals. (This
work was supported by N.I.H. grant
HL-10914 and by a grant from the Kidney
Foundation of New York and the Arnold
Schwartz Fund for Education and Health
Research, New York, N.Y.)

Bull. N. Y. Acad. Med.
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Evaluation of Peripheral Vascular Disease by Use of '"3Xenon

JACK DENARO, M.D., GERALD WEINSTEIN, M.D.,
ANTHONY IMPARATO, M.D., AND PHILIP BRAUNSTEIN, M.D.

Department of Surgery and Nuclear Medicine
New York University School of Medicine

New York, N. Y.

Peripheral vascular disease in 140 lower
extremities using intramuscular and intra-
cutaneous l33Xenon with histamine aug-
mentation was evaluated, measuring nutri-
tive capillary blood flow and the tinme fromn
release of arterial occlusion to maximum
hyperemia ("T"), and correlating these
with physical examination, angiography,
and clinical course.
The following determinations were made:
1) The above described isotope washout

method is clinically useful and reliable in
measuring skin and muscle blood flow.

2) Muscle T and nutritive capillary flow
correlated well with the extent of vascular
disease.

3) Skin T also correlated well and, un-
like that in normal individuals, increased
distally in ischemic limbs.

4) Skin-blood flow at ankle and below
knee levels correlated poorly with extent
of disease, but flow at the dorsum of the
foot correlated well.

5) Diabetics with tissue loss or claudi-
cation did not differ in flow or T patterns
from their nondiabetic counterparts.

6) Relatively asymptomatic nondiabetic
extremities were more severely affected

than were those of diabetics at all levels.
7) While the capillary flows and T val-

ties could not predict which diabetics with
tissue loss would come to amputation in a
given time interval, anterior tibial nutri-
tive capillary flow may be a better prog-
nosticator of healing after amputation than
evaluation of arterial bleeding at surgery
by an inexperienced operator.

8) Diabetics with neuropathies but nei-
ther claudication nor frank gangrene may
suffer a "skin steal syndrome" which pref-
erentially shunts blood to skin at the ex-
pense of muscle, possibly the result of an
"autosympathectomy."

9)- Normal-skin blood flow does not ex-
clude the presence of chronic nonhealing
ulcers unrelated to venous stasis disease in
the lower extremities of diabetics.

10) Vasodilan appears to have no pre-
dictable effect on either skin or muscle
blood flow as measured by this method.

11) In following individual difficult cases,
the L33Xenon washout method may be more
reliable in obtaining reproducible informa-
tion than other methods of clinical evalu-
ation. (This work was funded by the Kahn
Research Funds, New York, N.Y.)
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Glomerular Capillary Alterations in Streptozotocin Diabetes:
A Possible Animal Model for Diabetic Vasculitis

CECILIA M. FENOGLIO, M.D., RICHARD WEIL III, M.D.,
GORDON KAYE, Ph.D., FRIDA PARKER, M.D., MASUMI NOZAWA, M.D.,

RAWLE MCINTOSH, M.D.,* AND KEITH REEMTSMA, M.D.

Department of Surgery
Columbia University College of Physicians and Surgeons

New York. N. Y.

An adequate experimental animal model
for human diabetes and its vascular com-
plications is unavailable. In order to de-
velop a laboratory model, Streptozotocin-
induced diabetes was produced in Lewis
rats by a single intravenous injection of
65 mk./kg. of Streptozotocin. This resulted
in marked permanent hyperglycemia with
fasting blood sugars ranging from 300-500
mg.%, glycosuria, polyuria, and weight loss.

Diabetic rats were sacrificed at monthly
intervals. Heart, lungs, pancreas, kidneys,
adrenals, small intestine, skin, urinary blad-
der, aorta, eyes, liver, and esophagus were
examined by light microscopy. Animals dia-
betic for less than six months showed
changes in the pancreatic islets and glyco-
gen accumulation in the cells of the pars
recta of the kidney. Animals diabetic for
more than six months showed glomerular
changes consisting of minimal focal seg-
mental thickening of the glomerular base-
ment membrane (GBM).

*Established Investigator of the American Heart
Association.

Ultrastructural studies performed on re-
nal tissue of the animals diabetic for more
than six months showed electron dense de-
posits in the GBM and in the mesangium.
There was also focal extension of the nmes-
angial matrix into the peripheral loops of
the glomerular tuft. The focal thickening
of the GBM was confirmed. Glomerular
cpithelial cells had prominent endoplasmic
reticulum, cytoplasmic swelling, and focal
fusion of the foot processes. Similar studies
were performed on kidneys from age-
matched nondiabetic controls. Only minimal
abnormalities were observed in the control
animals.

Streptozotocin diabetes of more than six
months' duration in the Lewis rat may
represent a useful model for studying the
vascular complications of diabetes. Prelimi-
nary data suggests that ultrastructural
analysis of renal tissue in these animals
may reveal abnormalities which are speci-
fically related to chronic diabetes. (Sup-
ported by U.S.P.H.S. Grants 5 RO 1 HL
14799 and AM 12396 and NCI traineeship
5 TO 1-CaO107-11 [CMF].)

Bull. N. Y. Acad. Med.
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Renal Hemodynamics During Cardiopulmonary Bypass

THOMAS H. GOUGE, M.D., STEVEN J. SMITH, ARTHUR D. BOYD, M.D.,
AND RICHARD M. ENGELMAN, M.D.

Department of Surgery
New York University School of Medicine

New York. N. Y.

The effects of cardiopulmonary bypass
(CPB) on renal hemodynamnics were
studied in 8 dogs using 133Xenon washout.
A catheter was inserted into the right re-
nal artery under fluoroscopic guidance via
the left femoral artery and a bolus of 700-
1000 1Ac of l33Xenon injected. Washout
curves were obtained with a collimater
placed over the kidney before CPB, after
15 and 90 minutes of CPB, and after dis-
continuing CPB. Arterial blood pressure,
urine output, and free water and sodium
clearance were measured. Total CPB was
undertaken at normothermia using venous
gravity drainage, an arterial roller pump,
a heat exchanger, and a Sci-Med Kolobow
membrane oxygenator. The animals were
sacrificed and the kidneys weighed.
Washout curves were analyzed by estab-

lishing regression lines and developing four
components of renal blood flow (RBF) by
subtraction: I cortex, II juxtamedulla, III
inner medulla, and IV hilar fat. Percent-
age of total radioactivity and regional
blood flow was derived for each compo-
nent and total RBF calculated. No con-
sistent changes in urine flow or osmolar or

sodium clearance occurred during CPB.
However, significant alterations in both
RBF and intrarenal-blood-flow distribution
were observed.
RBF decreased progressively during

CPB (338 control-*321 after 15 min.
CPB-*236 ml./100 gm./min. after 90 min.
CPB) and did not immediately increase after
discontinuing CPB. After 15 min. of CPB,
cortical flow (component I) was reduced
from 774 to 676 ml./100 gnm./min., a decrease
in activity from 64 to 35% (p<0.02). After
90 min. of CPB, cortical flow was less than
15% of total RBF. While juxtamedullary
flow (component II) initially increased and
then decreased during CPB, relative per-
centage activity increased from 28 to 47%
after 15 min. of CPB (p<0.02) and to
56% after 90 min. (p<0.02). Inner medul-
lary flow (component III) did not change
during bypass. The decrease in total RBF
with CPB was associated with an obvious
shift from cortical to juxtamnedullary re-
gions. This alteration in flow is probably
a factor in the pathogenesis of postoper-
ative renal dysfunction. (Supported by
N.Y.U. Institutiona-l Funds.)
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Bedside Measurements of Extravascular Lung Water (ELW)
in Notcardiac Pulmoinry Edema

C. GOVINDARAJ, M.D., C. PAPAGEORGIOU, M.D., A. GHARPURE, M.D.,
S. WILEN, M.D., S. KHANEJA, M.D.,

G. FORAND, J. STUCKEY, M.D., AND G. EMMANUEL, M.D.
Department of Medicine

State University of New York Downstate Medical Center
Brooklyn, N. Y.

Hemodynamic and ELW measurements
were obtained on four patients admitted to
the Intensive Care unit with grade IV
acute pulmonary edema of noncardiac ori-
gin. Pulmonary artery (PA), pulmonary
wedge (Pw), systemic pressure (Ao), car-
diac index (CI), and pulmonary (PVR)
and systemic resistance (SVR) were deter-
mined by means of Swan-Ganz and poly-
ethylene catheters placed in the PA and
aorta (AO) respectively. ELW was com-
puted from indocyanine green and ther-
modilution curves obtained by injection of
the indicators into the PA and sampling
from the AO. Mean transit time was com-

puted by the gamma variable method
(Circ. Res. 14:502, 1964). The validity of
this nonisotope method was established in
separate experiments in 9 dogs. ELW in
these dogs by 1) thermodilution, 2) Cr51-
labeled red cells and THO- and 3) dry-
wet ratios, averaged 3.7, 3.5, and 4.1
ml./kg. respectively. For data on patients
see table.
The data indicate a threefold increase in

ELW, normal Pw and slightly elevated PA
pressure, and CI in noncardiac pulmonary
edema. The thermodilution method is of
clinical value for the quantitative assess-
ment of pulmonary edema.

ELW PA Pw Ao Cl PYR SVR PaO2
ml./kg. mm. Hg mm. Hg mm. Hg ./rm2 d. sec. cm.-5 mm. Hg

7 21 7 88 3.6 315 2,186 53

S.E. ± 2 3 2 13 1.0 92 667 4

Bull. N. Y. Acad. Med.
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Coronary Sinus (Cs) pO2 and 02 Saturation
Resulting from pCO2 Changes

HENRY GREENBERG, M.D.*
Director, Coronary Care, Department of Medicine

Roosevelt Hospital

ROBERT MOSKOWITZ, M.D.t
Department of Medicine, Division of Cardiology

St. Luke's Hospital

ROBERT B. CASE, M.D.
Director, Laboratory of Experimental Cardiology

St. Luke's Hospital

Associate Professor of Medicine
Columbia University College of Physicians and Surgeons

New York, N. Y.

The constancy of cs 02 during changes
in myocardial 02 consumption, heart rate,
aortic pressure, cardiac output, and other
physiologic alterations implies a primary
role for 02 in coronary-flow autoregulation.
The stability Df cs O., was stressed by vary-

ing pH and observing the effects on cs

PO2, cs 02 saturation, cs 0, content, cs

PCO2 and myocardial 0., extraction. In 15
dogs mechanical hyperventilation was per-

formed for 15 minutes and simultaneotis
arterial and cs samples were taken during
control, experimental, and recovery periods.
In 5 dogs CO2 in concentrations of 5 to
16% was added to inspired oxygen while
similar blood samples were taken. CS pO2
was not constant but varied from 8.2 to

*Trainee of the New York Heart Associ-
ation.

tTrainee of the National H-eart Institute.

96 mm. Hg while cs pCO2 was
changed from 15.6 to 96 mmn. Hg, the
best fit being a logarithmic one (r = 0.87).
The cs pH varied from 6.97 to 7.71 units,
and-cs pO2 displayed a logarithmic relation
to cs pH. 'l he cs 0., saturation increased
from 6.6% to 86% as es pCO2 rose, the
relation also being a logaritlriic one
(r = 0.75). Myocardial 02 extraction varied
from 87% during hyperventilation to 12.8%
with CO2 breathing. This combination of
high mnyocardial oxygen extraction, low cs

PO2, and cs 02 saturation during hypocapnia
implies that 02 delivery to the myocardial
cell is compromised at this time. The data
suggest that myocardial pCO2 is a primary
mediator of coronary autoregulation and an

explanation for the occurrence of refractory
ventricular arrhythmias in hypocapnic
states.
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Cryoproteins and immune Complexes
in A cute Experimental Serum Sickness

WILLIAm R. GRISWOLDY M.D., MICHAEL Koss, M.D.,
AND RAWLE M. MCINTOSH, M.D.

Department of Pediatrics

KONRAD Hsu, Ph.D.
Department of Microbiology

Columbia University College of Physicians and Surgeons
New York, N. Y.

Circulating immune complexes can de-
posit in host tissue, causing vascular injury
including glomerulonephritis. We and oth-
crs have reported serum cryoprecipitates
in human immune complex nephritis. In
rabbit-serum sickness, the classical model
of immune complex disease, we have re-

ported antigen along with specific anti-
body in serum cryoprecipitates, suggest-
ing that cryoprecipitates contain immune
complexes.

In this study we have examined this hy-
pothesis by correlating cryfoprecipitates
with immune complexes in acute serum
sickness produced in rabbits with Im la-
beled bovine serum albumin (I*BSA). The
amount of I*BSA in immune complexes
was quantitated by the Farr technique.

Studies of the time course of I*BSA cry-
oprecipitation following a single intravenous
injection of I*BSA were performed
in 5 rabbits. I*BSA cryoprecipitation
was not detected before immune com-
plexes appeared in the circulation. It
reached peak values while immune 'catabo-
lism of I*BSA was occurring. The time
course of serum cryoproteinemia, paralleled
I*BSA cryoprecipitation. Redissolved cryo-
precipitates contained IgG, IgM, and BSA.
The quantity of I*BSA in immune com-

plexes was measured in samples from 11
rabbits on days 9, 10, and 11. Determinations
were made in triplicate before and after the
serum was placed at 20 C. to allow cryopre-
cipitate to form. Seven animals showed sig-
nificant I*BSA cryoprecipitation. In most

of these samples the quantity of complexed
I*BSA was significantly decreased in the
serum after cryoprecipitation. The decrease
in complexed I*BSA correlated with the
amount of I*BSA in the cryoprecipitate. As
much as 50% of I*BSA in immune com-
plexes could be removed from serum by
cryoprecipitation.

Sucrose gradient ultracentrifugation stud-
ies showed that cryoprecipitates appear pri-
marily when the fresh serum contains large
molecular weight immune complexes.
Animals with marked cryoproteinemia had

greater elevations in serum creatinine than
animals with mild or absent cryoprotein-
emia. Redissolved cryoproteins were in-
jected intravenously into untreated rabbits.
IgG and BSA was localized in the glomeruli
of these animals by immunofluorescence.
Ongoing studies of human renal disease

corroborate our hypothesis that cryoprecipi-
tates contain immune complexes which are
of iminumnopathological significance. (This
study/ was supported by Grant AM 1492S
from the National Institute of Arthritis and
Metalbolic Diseases, Training Grant HD
0051 [Dr. Griswold] and Grant HD 0093
from the National Institute of Child Health
anid Human Development, Bethesda, Md.,
and Grant in Aid from the New York
Heart Association. The work was per-
formed during a fellowship from the New
York Heart Association [Dr. Koss] and
during the tenure of an Established Inves-
tiqatorship from the American Heart Asso-
ciation [Dr. McIntosh].)
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The Effect of Unilateral Nephrectomy on the Renal Response
to Saline Loading in the Rabbit

J. S. HAYES, M.D., F. FEIN, M.D., J. LOWENSTEIN, M.D.,
AND D. S. BALDWIN, M.D.
Hypertension-Renal Disease Section

Department of Medicine
New York University School of Medicine

New York, N. Y.

Adaptive changes in renal sodium excre-
tion serve to maintain sodium homeostasis
in patients and experimental animals with
significant reduction in nephron mass.
To examine the mechanism for this adap-

tation, and to determine whether the renal
response to acute saline loading might be
thereby altered, sodium handling was stud-
ied in New Zealand white rabbits before
and 14 to 52 days after unilateral nephrec-
tomy.
Fourteen male rabbits weighing 3 to 4 kg.

were studied during the infusion of 0.9%o
saline at 0.075 ml./min., and following the
infusion of 1.8% saline (0.75 ml./min.) for
1 hour. The urinary excretion rate of sodi-
um (UNaV) and the excreted fraction of
sodium (EFNa) during the final 30 min-
utes in the control period and the final 30
minutes of saline loading were compared.
The mean control UNaV prenephrectomy

was 28.6 ± 11.7 ,Eq./min. The correspond-
ing postnephrectomy value was 22.5 ± 18.4
,uEq./min. P>0.05). The glomerular filtra-
tion rate (GFR) and the renal plasma flow
(RPF) per kidney increased after nephrec-
tomy from 7.1 ± 2.4 ml./min. and 23.6 ±
11.8 ml./min. to 12.0± 2.8 ml./min. and 41.7

-+- 13.5 ml./min. respectively (P<.01),
while the EFNa (1.7 + 1.0) did not differ
statistically from that following nephrec-
tomy (1.3 ± 0.9, P>0.05). Thus the adaptive
change in basal sodium excretion was attrib-
utable to hemodynamic alterations, perhaps
through hypertrophy, and not to changes in
the tubular handling of sodium.

In response to acute saline loading, the
UNaV increased to 79.5 ± 52.8 /AEq./min. in
prenephrectomy studies and to 82.4 + 46.1
/Eq./min. following functional adaptation
(P>0.05). In comparing individual animals
postnephrectomy the extent of natriuresis
did not correlate with the magnitude of the
adaptive hemodynamic changes.
The results suggest that sodium balance

following uninephrectomy in the rabbit is
achieved largely by functional hypertrophy
of the remaining nephrons, rather than a
change in fractional sodium reabsorption.
The renal response to acute saline loading
does not appear to be altered by these
adaptive changes. (This study was sup-
ported by Research Grant HE 0S272-15
from the National Heart and Lung Insti-
tute, Bethesda, Md., and Grant' HL
15124-01 [CVB ] *)
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Blood Rheology in Acute Myocardial Infarction

KUNG-MING JAN, M.D.,* SHU CHIEN, M.D., AND SHUNICHI USAMI, M.D.
I)epartment of Physiology

J. Ti-101IAs BIGGER, JR{., M\.D.
Department of Medicine

Columbia University College of Physicians and Surgeons
New York. N. Y.

Serial blood rheologic measurements were
made in 22 patients following acute myocar-
dial infarction (AMI); measurements in-
cluded hematocrit (HCT), plasma-protein
concentration, and plasnma and blood viscos-
ity (vj). Patients were divided into two
groups on the basis of blood viscosity (shear
rate = 0.5 sec.-I) during the initial 24
hours; Group A (10 patients) had blood so
above 50 eP, and Group B (12 patients),
values below this level. Viscosity (vi)
was determined in a coaxial cylinder
visconmeter at shear rates of 0.01 to 400
sec.-1. In Group A the initial blood '1 at
all shear rates was about 50% higher than
in Group B. Interestingly, the HCT range
was 49 to 58% in Group A and 87 to 48%

*New York Heart Association Fellow.

in Group B. In Group A, blood v1 and HCT
fell in the course of one week to levels not
significantly different from Group B. In
both groups, plasma a, fibrinogen, and a2-
globulin were elevated in the first 24 hours,
continued to rise during the first week, and
decreased gradually thereafter. These
changes were greater in Group A and con-
tributed to the high blood il. Complications:
e.g., shock, mental confusion, or thromboem-
bolisni developed during the first week in 6
of the 10 Group A (high 'i) patients and in
none of the 12 Group B (low a) patients.
This study suggests that elevation of blood
v and even the simpler measurement, HCT,
in the first 24 hours after AMI have prog-
nostic value and therapeutic implications.
(Supported by The New York Heart Asso-
ciation and the Scaife Family Charitablb
Trusts, Pittsburgh, Pa.).
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Intra-aortic Balloon Pumping in the Presence of Aortic Incompetence

LEONARD LEVY, M.D., EDWARD YELLIN, Ph.D., AND ROBERT FRATER, M.D.
Department of Surgery

Albert Einstein College of Medicine
Bronx, N. Y.

DAVID BREGMAN, M.D.
Department of Surgery

Columbia-Presbyterian Medical Center
New York. N. Y.

Intra-aortic balloon pumping (IABP) for
the treatment of cardiogenic shock is com-
monly held to be contraindicated in the
presence of an incompetent aortic valve.
This study is designed to determine whether
aortic regurgitation (AR) would indeed
negate the effective mechanisms of IABP.
IABP was applied to three normotensive

and two hypotensive, anesthetized, open-
chest dogs, in which reversible and graded
degrees of AR were created by a basket
catheter in the aortic valve annulus. Meas-
urements were made of: 1) aortic, left-com-
mon carotid, and left anterior descending
(LAD) arterial phasic flows; 2) left-atrial,
left-ventricular, and aortic pressures; and
3) ECG.

Twenty conditions of AR, before and
after IABP, were analyzed. Regurgitant
fractions were regulated between 17 and 69O
(mean 40%). IABP increased both forward
and regurgitant flow; however, the effective

stroke volume remained unchanged with
moderate AR and increased 12% with
severe AR. Despite the fact that IABP
caused an increase in regurgitant flow, left-
ventricular end diastolic pressures were un-
changed. There was an average increase in
aortic mean diastolic pressure of 23%. There
were insignificant decreases in left ventricu-
lar mean systolic pressure and left ventricu-
lar peak systolic pressure.
In two dogs the LAD was ligated at its

distal third, together with its accompanying
branches, so as to create a relatively is-
chemic myocardium exhibiting minimal reac-
tive hyperemia. IABP, in the presence of all
degrees of AR, produced immediate and
sustained increases in coronary flow. Car-
otid flow was insignificantly changed.
The improved effective stroke volume and

large increase in coronary arterial flow thus
demonstrate that IABP can be effective,
even in the presence of aortic incompetence.
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Closed Chest Left Atrial-Femoral Bypass, A Superior Mode of Therapy
for Cardiogenc Shock: Experimental mnd Clinical Studies

DAVID LIPSON, M.D., RICHARD M. ENGELMAN, M.D.,
ARTHUR D. BOYD, M.D., THOMAS H. GOUGE, M.D.,

AND FRANK C. SPENCER, M.D.
Department of Surgery

EPHRAIM GLASSMAN, M.D.
Department of Medicine

New York University School of Medicine
New York, N. Y.

BERNARD ACKERMAN, Ph.D.
President, Electrocatheter Corp.

Rahway, N. J.

Cannulation of the left atrium was per-
formed, using a modification of Ross' trans-
septal technique. An 85-cm., 28 French poly-
vinyl chloride catheter was inserted fluoro-
scopically retrograde through the femoral
vein, across the atrial septum, and into the
left atrium. Left atrial-femoral bypass was
accomplished using a roller pump for suc-
tion drainage and various techniques of
retrograde perfusion into the femoral
artery.

Initial experiments in 10 normal dogs and
6 shock preparations employed nonpulsatile
return flow into the femoral artery. Animals
were maintained on bypass for periods of
up to 8 hours. Long-term survival was ac-
complished in 4 normal dogs in whom com-
plete closure of the artificially created atrial
septal defect was demonstrated one month
following catheterization. Using a nonpulsa-
tile return pump, bypass flow rates of up to
95% of the cardiac output could be accom-
plished. Each of the shocked animals re-
sponded to bypass with hemodynamic
stability, improved organ perfusion, and

cessation of arrhythmias. An additional 10
normal dogs were placed on left atrial-fem-
oral bypass, using a Bentley pulsatile pump
for arterial return. Synchronization of the
pulsatile pump with the dogs' heart rate re-
sulted in significant diastolic augmentation
(12 to 15 mm. Hg).
Left atrial-femoral bypass with nonpulsa-

tile flow was used for 8 to 24 hours in 3
moribund patients with cardiogenic shock.
During perfusion, flow rates ranged from
3.5 to 5 ./min. and mean blood pressure
could be maintained at 100 to 110 mm. of
Hg without vasopressor support. Peripheral
vasospasm subsided, and a copious diuresis
occurred. No hematologic abnormalities de-
veloped and plasma hemoglobin ranged
from 40 to 60 mg.%o. All patients expired
with profound shock after bypass was dis-
continued. This method seems aptly suited
for patients in profound cardiovascular col-
lapse following myocardial infarction. Fur-
ther clinical application is planned. (Sup-
ported by N.I.H., Rosenhirch Foundation,
and S. J. Koff Foundation.)
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The Hemodynamic and Metabolic Effects of Glucose Infusion
During Raid Atrial Pacing

MICHAEL NocERo, M.D., LEONARD ZIR, M.D., MALCOLM ROSE, M.D.,
KENNETH R. KRAUSS, M.D., BARBARA WEISINGER, M.D.,

AND EPHRAIM GLASSMAN, M.D.
Department of Medicine

New York University School of Medicine
New York, N. Y.

Rapid atrial pacing was performed prior
to and following the infusion of glucose (G)
in 15 patients with arteriographic evidence
of ischemic heart disease and nomal G tol-
erance. Anginal threshold (AT) was re-
duced, a mean of 7.6 +± 3.0 (SE) beats
per minute (p<0.05), following the admiinis-
tration of 30 gm. G in 30 minutes and
double product at AT fell 18.5 + 6.64
(p < 0.05). Lactate (L) production was
present at AT prior to G: mean arterial-
coronary sinus (A-CS) L = -0.04 mM/L ±
0.11 but was converted to extraction at AT
following G: mean A-CS L = 0.09 mM/L ±
0.04 (p < 0.01). Arterial G and L rose 176

mg./100 ml. and 0.19 mM/L respectively
(p < 0.01); A-CS G difference was 2.9 + 8.5
mg/ 100 ml. at AT before G and rose to
9.6 ± 11.7 at AT after G (p <0.05). Repeat
studies were performed in 7 other patients
with coronary disease using an equal volume
of isotonic saline ir.stead of G. AT, double
product, A-CS G and L differences, and
arterial G and 1, concentrations were not
significantly different in the two pacing pe-
riods. The induction of hyperglycemia pro-
duces a decrease in the AT and double
product at AT', accompanied by conversion
of myocardial lactate production to extrac-
tion and increased G extraction.
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Role of the Vagus Nerve in Tramscapillary Pulmonary Fluid Exchange

CONSTANTIN PAPAGEORGIOU, M.D., ANIL GHARPURE, M.D.,
CHITOOR GOVINDARAJ, M.D., STEPHEN HORNYAK, GERALD FORAND,

JACKSON STUCKEY, M.D., AND GEORGE EMMANUEL, M.D.
Department of Medicine

State University of New York Downstate Medical Center
Brooklyn, N. Y.

The effects of bilateral cervical vagotomy
on extravascular lung water (ELW) were
studied in 9 healthy mongrel dogs, anesthe-
tized with sodium pentothal and breathing
room air. ELW, arterial oxygen tension
(PaO,), pulmonary artery (PA), pulmo-
nary artery wedge (Pw), and femoral artery
(FA) pressures, cardiac output (CO), and
pulmonary blood volume (PBV), were de-
termined serially over a period of 90 min-

utes following vagotomy. ELW was com-
puted from cardiogreen and thermodilution
curves, using the gamma variable method
of analysis. For results see table.
Systemic pressure remained unchanged

throughout the study. Conclusion: the data
indicates that the observed rise in ELW
following vagotomy is mediated through al-
tered capillary permeability.

ELWV PaO, PA Pa cO PBV
ml./kg. p mm. Hg mm. Hg mm. Hg I./min. ml.

Control 3.2 73 16/7 7 3.0 257
5' 4.4 <0.05 77 16/7 8 2.6 269

30' 3.9 <0.10 77 17/7 8 2.8 266
60' 4.5 <0.02 77 18/8 7 2.7 229
90' 5.6 <0.02 73 18/7 7 2.3 193

Bull. N. Y. Acad. Med.
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Electrocardiographic and Serum Enzyme Changes
Following Coronary Artery Bypass Surgery

MALCOLM R. ROSE, M.D., EPHRAIM GLASSMAN, M.D.,
AND 0. WAYNE ISOM, M.D.

Department of Medicine

FRANK G. SPENCER, M.D.
Department of Surgery

New York University School of Medicine
New York. N. Y.

Serial pre- and postoperative ECGs were

obtained on 50 patients undergoing coro-
nary artery bypass surgery (CAB), 15 pa-

tients with aortic valve replacement
(AVR), and 13 patients with mitral valve
surgery (MVS). Postoperative infarction
was defined as new Q waves on the post-
operative ECGs. In the CAB group, infarc-
tion occurred in 5/50 patients (10%). Age,
preoperative hypertension, or left-ventricu-
lar hypertrophy (LVH) on ECG did not
correlate with infarction. Patients with in-
farction had more severe coronary disease
than the noninfarct group (3.2 mean ves-

sels with significant stenosis versus 2.4 in
noninfarct group) and more extensive coro-

nary bypass (3.0 versus 2.4). There was no

difference in bypass time and 2/5 with in-
farction had aortic cross-clamping versus

24/4.5 without infarction. Postoperatively,
41/5 (80o) with infarction had an SGOT
>200 and a CPK>2000, whereas 3/45
(7%N) without infarction had this pattern.

Three of the fifteen patients (20%o)
undergoing AVR or double valve surgery
had postoperative infarction. All had LVH
on preoperative ECG versus 50% of those
without infarction. Postoperative infarc-
tion did not correlate with total pump time
or coronary ischemia time. One hundred per

cent of those with infarction had an SGOT>
200 and a CPK>2000, versus 2/12 (17%)
without infarction. None of the 12 patients
in the MVS group sustained postoperative
infarction, and none had an SGOT>200 and
a CPK>2000.

Infarction following CAB surgery is more
likely with at least 3 vessel disease but ap-

pears to be unrelated to pump time or

aortic crossclamping. Localized snaring or

clamping of coronaries may be important.
Postoperative SGOT and CPK correlate
with ECG evidence of infarction. Infarc-
tion following AVR may be related to in-
adequate coronary perfusion in the face of
LVH.
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Neonatal Blood Pressure and Flow Responses
to Interacting Peripheral Stimulations

MARGO SCHLEMAN, M.D., NORMAN GOOTMAN, M.D.,
PHYLLIS GOOTMAN, Ph.D., RICHARD SPIELBERG, AND LINDA CRANE

Department of Pediatric Cardiology
Long Island Jewish-Hillside Medical Center

New Hyde Park. N.Y.

Responses to the interaction between sci-
atic nerve stimulation (SNS) and changes
in baroreceptor excitation were studied in
30 piglets (aged 1 to 26 days). The animals
were anesthetized with halothane (0.25 to
0.6%) in a mixture of 50% N20-50% 01,
while being artificially ventilated. Blood
gases and temperatures were monitored
and controlled. Simultaneous recordings
were made of arterial pressure (P), ECG,
and carotid (CF), renal (RF), and femoral
(FF) blood flows. Flows were registered
by calibrated electromagnetic flow-probe
meters. The sciatic nerve was dissected and
cut distally before stimulation. Using a
newly developed technique, a Swan-Ganz
flow-directed catheter was inserted via the
common carotid artery to the level of the
carotid sinus for stimulation of the baro-
receptor area (CSI). Bilateral common

carotid occlusion (BCCO) was used to
inhibit input. Results showed an augmen-
tation of high-frequency SNS pressor
responses shortly before, simultaneously
with, or directly after BCCO. However,
low-frequency SNS depressor responses
were variable, depending on the sequence
of interaction. FF was decreased if BCCO
was added to SNS, as compared to SNS
alone. Patterns of flow in other beds were
not as obvious. CSI caused a decrease in
pressor SNS response when performed be-
fore, simultaneously with, or after electrical
stimulation of the nerve. However, no sig-
nificant augmentation was observed when
CSI interacted with a depressor SNS. We
conclude that the cardiovascular controlling
system in the neonate is capable of occlu-
sive or summated responses which are, how-
ever, not equal to adult pig responses.

Bull. N. Y. Acad. Med.
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Cholesterol Metabolism in Human Adipose Tissue

PAUL H. SCHREIBMAN, M.D.
The Rockefeller University

New York. N. Y.

Obesity is associated with increases of
both body cholesterol and cholesterol syn-
thesis. To examine cholesterol metabolism in
adipose tissue, repeated subcutaneous adi-
pose tissue needle aspirations were per-
formed in hospitalized, lean hyperlipidemic
and obese normolipidemic patients main-
tained in strict caloric balance. The cho-
lesterol of isolated fat cells was determined
by gas-liquid chromatography. In 124 adi-
pose tissue samples (20 patients) the mean
cholesterol was 12.8 X 10'-sg/cell ± S.D.
2.9 and correlated well with cell size (r =
0.86) but not with age, sex, plasma cho-
lesterol, or type of hyperlipidemia. The
cholesterol was 92 to 95% unesterified and
more than 75% of cholesterol was recovered
in the intracellular oil droplet. In 3/6
nonobese patients, adipocyte cholesterol
rose slightly but significantly when dietary
carbohydrate was isocalorically substituted
for polyunsaturated fat.

Serial adipose tissue sampling after a
single intravenous "C-cholesterol dose in 9
nonobese patients consistently showed adi-
pose tissue-cholesterol specific activity

crossing plasma specific activity at adipose
tissue's highest point (4 to 6 weeks) but
then decreasing at a much slower rate than
plasma for up to 20 weeks.
Adipocytes from 5 obese patients were

incubated with "C-glucose or 3H-acetate.
In vitro cholesterol synthesis rates were
equivalent to 1 to 2 mg. cholesterol/kg.
fat/day as compared to the 20 mg. cho-
lesterol/kg. excess weight/day found pre-
viously in vivo.

Conclusions: 1) Adipocyte cholesterol is
primarily determined by amount of triglyc-
eride per cell but may fluctuate within
narrow limits according to dietary compo-
sition. 2) Adipocyte cholesterol turnover
is much slower than plasma cholesterol
turnover. 3) Adipocyte cholesterol synthe-
sis in vitro cannot explain the increased
body cholesterol synthesis seen in obesity.
(Supported in part by U.S. Public Health

Service Grant HL-O6222 from the National
Heart and Lung Institute and b11 Grant
FR-O0102 from the General Clinical Re-
search Centers Branch of the Division of
Research Resources, Bethesda, Md.)
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Cholesterol Metabolism During Neomycin Therapy

A. SEDAGHAT, M.D., J. R. CROUSE, M.D., P. SAMUEL, M.D.,
AND E. H. AHRENS, JR., M.D.

The Rockefeller University
New York, N. Y.

It has been known for many years that
oral neomycin is a hypocholesterolemic
agent. The present study was undertaken
to assess further its mode of action.
The effect of 2 gm./day of oral neo-

mycin on cholesterol (Ch) metabolism was
studied in 4 patients by sterol balance and
isotope kinetic techniques. Ch absorption
was measured by 2 methods before and
during neomycin therapy.
The drug caused a significant fall in

plasma Ch (mean 25%, range 18 to 31o),
while plasma triglycerides decreased in 1
patient only. During neomycin therapy
there was a marked decrease in Ch absorp-
tion in all patients (by Method I, mean
22%, range 14 to 32%; by Method IV,
mean 32%, range 22 to 46%). Fecal neutral
steroid (FNS) excretion during the steady
state increased significantly (mean 347
mg./day, range 323-353 mg./day) whereas
bile acid excretion remained unchanged in
3 of the 4 patients. None developed steator-

rhoea. Slopes of the plasma Ch specific
activity decay curves were unchanged when
neomycin was started in the 3 patients
labeled with 'H Ch intravenously. Toxic
manifestations of neomycin were not ob-
served (normal audiograms, urinalyses,
and tests of renal and hepatic function).

It is concluded that oral neomycin in
small doses increases FNS excretion and
lowers plasma Ch concentrations with little
effect on fecal bile-acid excretion or the
plasma triglycerides. The increase in FNS
excretion is due to Ch malabsorption. The
absence of steatorrhoea indicates that mal-
absorption is not generalized. All patients
were considered to have increased Ch syn-
thesis or tissue efflux of cholesterol while
on neomycin. (This study was supported by
Grant HL 0622 from the National Heart
and Lung Institute and Grant FROO0102
from the General Clinical Research Centers
Branch, Div. of Research and Resources,
Bethesda, Md.)
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Tangential Acceleration from QRS Vector Loop

GEORGE E. SEIDEN, M.D., AND CURT STAHL, M.E.E.
Hospital of the Albert Einstein College of Medicine

Bronx, N. Y.
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It is well known that myocardial dam-
age may exist in the presence of a nor-

mally appearing electrocardiogram and
vectorcardiogram. We are presenting a new

method for diagnosing heart damage when
the electrocardiogram and vectorcardio-
gram are normal. The new method depends
on the computer rendition of acceleration
from the ARS vector loop in the direction
of its velocity and/or position vector. This

is termed tangential acceleration. When
tangential acceleration is plotted against
peripheral distance along the vector loop
higher order acceleration components are

demonstrated than when similar plots are

made from QRS loops of normal individ-
uals.
For this purpose the Orthogonal Frank

lead system was employed. The QRS com-

plex was recorded on analogue tape and
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then digitized at a rate of 25 khz. The
digitized data were then smoothed by a
6-pole Butterworth filter with a cutoff at
approximately 1.5 khz. First and second
time derivatives were then computed for
the x, y, and z components of the BKG
vector.
An initial examination of the accelera-

tion vector presented visually in a number
of different forms for a number of cases
suggested that its spread about mean value
was greater in the diseased than in the
normal patient. Analysis of data for our
first 77 records-40 diseased, 37 normal
patients-shows that parameters measuring
this spread are very promising for detect-
ing cardiac pathology.

It has been shown that wide band record-

ings of the electrocardiogram produce s-im-
ilar results to computer methods of ineasur-
ing tangential acceleration from the QRS
loop in the direction of the velocity vector.
(Langner, P. H., Jr., Glazelowitz, D. B.,
and Briller, S. A.: Wide band recording Of
the electrocardiogram and coronary heart
disease. Amer. Heart J. 86:302-17, 1973.)
However, although computer methods are
more expensive, they appear to be more ac-
curate than wide band recordings.
The figure is reproduced by permission

from Seiden, E.G. and Stahl, C.: A new
method for diagnosing myocardial damage
in patients with normal electrocardiograms
and vectorcardiograms. Trans. N.Y. A cad.
Sci. 35: 283-303, 1973. (This work was sup-
ported by U.S.P.H.S. Grant CD-00302).

Bull. N. Y. Acad. Med.
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The Contribution of Cerebral Hemorrhage to Mortality from Stroke
in New York City Blacks

STEPHEN Q. SHAFER, M.D., BERTEL BRJUN, M.D.,
AND RALPH W. RICHTER, M.D.

Harlem Regional Stroke Program and Department of Neurology
Harlem Hospital Center

Columbia University College of Physicians and Surgeons
New York, N. Y.

Of 527 unselected black stroke patients
in an inner-city hospital, 18o had non-
aneurysmal intracranial hemorrhages, with
a case-fatality rate of 75%. In the whole
series there were 216 in-hospital deaths,
of which 35%o were due to hemorrhage. In
patients aged 65 or less, fully 53% of 90
fatal cases were hemorrhagic, but only in
patients below 46 years of age did hemor-
rhage account for more deaths than infarc-
tion. The mean age of patients with fatal
hemorrhage was 61.5 years. The incidence
of nonaneurysmal intracranial hemorrhages
was higher than that in three white Ameri-
can and one black African series, and lower
than that in one black African series. The
same relation was true of the proportion
of in-hospital fatalities due to nonaneurys-

mal hemorrhage. The differences, however,
were not dramatic, and could be explained
by varying definitions and hospitalization
patterns. When the in-hospital mortality
pattern is hypothetically extrapolated into
annual mortality estimates, it appears that
in New York City blacks spontaneous non-
aneurysmal intracranial hemorrhage: 1)
does not account for many more deaths
than infarction; 2) is not much, if at all,
more common or more lethal than in whites;
and 3) does not occur predominantly at
earlier ages than in whites. (This study
was supported by Health Services and
Mental Health Administration Grant RM-
0058 via the New York Metropolitan Re-
gional Medical Program Grant 68-70.)
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Cardiovascular Effects of Propranolol and Practolol in Puppies

NESTOR J. TRUCCONE, M.D., HENRY M. SPOTNITZ, M.D.,
AND WELTON M. GERSONY, M.D.

Department of Pediatrics
Columbia University College of Physicians and Surgeons

New York. N. Y.

Previous studies of the beta blocking
agents, propranolol (PROP) and practolol
(PRAC), in adult subjects suggest that
PRAC does not have the marked negative
inotropic effect of PROP at higher dosage.
The immature circulation has recently been
shown to display even greater sensitivity
to PROP, whereas the effects of PRAC are
unknown. In order to investigate the effect
of PROP and PRAC in immature subjects,
dose-response curves were studied in 11
(PROP) and 10 (PRAC) intact puppies
(1.4 to 1.8 kg.), anesthetized with chlora-
lose and morphine and maintained on a
volume respirator. Beyond beta blocking
levels (0.3 mg./kg.), defined by the absence
of response to isoproterenol, PROP con-
tinued to depress heart rate (H.R.), car-
diac index (C.I.), LV dp/dt and dp/dt/p.
At 2.1 mg./kg., C.I. averaged 6W0% of
C.I. at blocking levels (90 ml./kg./min. vs.
135 ml./kg./cm.) and LVEDP increased, in-

dicating a profound negative chronotropic
and inotropic effect of PROP in large
doses. Beta blockade with PRAC was
achieved at a dose level of 1.2 mg./kg.
In contrast to PROP, larger doses of
PRAC (to 8.4 mg./kg.) did not cause fur-
ther depression of LV function. Starling
ventricular function curves, (4 PRAC, 4
PROP), with H.R. paced at 180/min.,
confirmed the above observation. After 2.1
mg./kg. of PROP (7X blocking dose), C.I.
averaged 53+± 13.0 cc./kg./min. at an EDP
of 14.5 mm. Hg, while after 8.4 mg./kg.
of PRAC ('7X blocking dose), C.I. aver-
aged 238±31.3 cc./kg./min. at an EDP of
14.0 mm. Hg (P<0.01). These results sug-
gest that PRAC is a safer agent for in-
duction of beta blockade in infants and
children. (This work was tupported by
Grant 5T01-HE05.389-13 from the National
Heart and Lung Institute, Bethesda, Md.)

Bull. N. Y. Acad. Med.
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Mixed Lymphocyte Cultures in Rheumatic Fever Patients

V. UTERMOHLEN, M.D.,* E. S. KULISEK,
AND J. B. ZABRISKIE, M.D.

The Rockefeller University
New York. N. Y.

The major histocompatibility loci (HI-A
loci and, in experimental animals, the
mixed 'ymphocyte reaction locus) have
been shown to be related to immune re-
sponsiveness and the tendency to develop
certain diseases. While it appears 1) that
rheumatic fever is a disease of abnor-
mal immune responsiveness to the strepto-
coccus, and 2) that rheumatic individuals
may have a genetic predisposition to the
disease, the nature of the process and the
exact genetic factors involved have not as
yet been demonstrated. In an effort to
further delineate the possible relation be-
tween histocompatibility antigens and rheu-
matic fever, mixed lymphocyte cultures
were undertaken between unrelated nor-
mals and pairs of unrelated patients with
a well-documented past history of rheu-
matic fever. One million responder cells

'New York Heart Association Fellow.

were cultured in the presence of 1 million
stimulator cells treated by mitomycin-C to
prevent DNA synthesis. The amount of
blastogenesis induced in the responder cells
was gauged at the end of one week's cul-
ture by the amount of incorporation of
14C-labeled thymidine.

It was found that while rheumatics re-
spond well to normals, they are poor stim-
ulators for both normals and unrelated
rheumatics, irrespective of age, sex, ethnic
group, Hi-A type, and date of last attack
of rheumatic fever. Whether this repre-
sents a lack of antigens on the surface of
the rheumatic patient's lymphocytes or
whether it represents a blocking of such
surface antigens is as yet unclear, but
preliminary data suggesting that a block-
ing phenomenon is at work will be pre-
sented. (This research has been supported
by Grant HL-03919 of the National In-
stitutes of Health and a grant from the
New York Heart Association.)
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Intrinsic Differences in Lipid Transport Rates
Through Proximal and Distal Snmall Intestinal Wall in the Rat

AI-LIEN WU AND SUSANNE BENNETT CLARK,* Ph.D.
Division of Gastroetiterology
St. Luke's Hospital Center

New York. N. Y.

Restrained, unanesthetized rats absorb
triglycerides at steady rates when the
emulsified lipids are continuously infused
intraduodenally. The lipid content of the
intestinal wall during maximal steady state
absorption is related to the transmucosal
lipid transport rate.

Control animals showed regional differ-
ences in lipid-14C accumulation in small
intestinal tissue after 3 hours of maximal
triolein-l4C absorption. When the washed
small intestine was divided into 10 seg-
ments (duodenum = segment 1), segment
7 contained the most lipid-14C, of which
>90%0 was triglyceride, and large lipid
droplets were visible histologically inside
the mucosal cells. This suggested that dis-
tal intestine was relatively less able than
proximal intestine to release chylomicrons.
The lipid-accumulation pattern (low prox-
imally and high distally) was resistant to
alteration by dietary or surgical manipu-
lation. Direct infusion of fatty acid and
monoglyceride for 7 days into segment 7
(substrate induction) failed to reduce the
lipid-14C accumulation in this region after
subsequent triolein-14C infusion. Con-

*New York Heart Association Fellow.

versely, after total starvation for 3 days
there was no increased accumulation in
proximal segments during maximal rate
absorption. Surgical removal of segments
2, 3, 4, and 5 to expose distal intestine to
upper intestinal luminal chyme did not
increase the transmucosal transport rate;
when triolein-14C was infused at least one
month after proximal resection, the lipid-
14C content of the original segment 7 re-
mained high. Further, when proximal and
distal luminal environments were ex-
changed, without reduction in intestinal
length, by transposing segments 2 through
5 with segments 6 through 9, major lipid-
1'C accumulation still occurred in the orig-
inal segment 7 during triolein-21C infusion
one month later.
Since most properties of distal intestine

known to show adaptive change are max-
imally adapted one month after operation,
the results suggest that mechanisms con-
trolling chylomicron release to intestinal
lymphatics may be intrinsically different in
proximal and distal small intestine. (This
study was supported in part by the New
York Heart Association and Grants AM
05499 and AM 13436 from the National In-
stitute of Arthritis and Metabolic Diseases,
Bethesda, Md.)

Bull. N. Y. Acad. Med.
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